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APPARATUS FOR USE IN MEASURING FLUID LEVELS 

Field of the Invention 

The present invention relates to devices for use in measuring the 
level of one or more liquids in a container in general, and more particularly, to the 
measurement of fluid levels in a tank such as a fuel tank of a ship. 

5 Background of the Invention 

The measuring of the level of a fluid in a tank is important for many 
reasons. For example, it is important for an operator of a ship or other machine 
to know the amount of fuel that remains in a fuel tank. Traditionally, mechanical 
measuring systems and methods such as the use of floats have been used to 
10 ascertain the level of a particular liquid in a tank. More recently, a microwave 
wave guide has been utilized to determine the level of a fluid in a tank. It is also 
desirable to measure the levels of stratified liquid in a tank. For example, a ship 
may, for ballast purposes, keep its fuel tanks nearly full at all times by replacing 
diesel fuel that is burned with seawater. 
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However, the installation of a measuring device in a fuel tank of a 
ship can be problematic. First, the location of a fuel tank aboard a ship may make 
it difficult to utilize a traditional straight waveguide rod due to the shape of the hull 
or other structural considerations such as bulkheads, etc. In addition, in a salt 
5 water environment, problems can develop with regards to keeping a measuring 
device free from the accumulation of seaborne items that can negatively affect the 
accuracy of the measurements. 

Objects of the Invention 

It is an object of the present invention to provide an apparatus for the 
1 0 measurement of a fluid or multiple stratified fluids within a tank. It is also an object 
of the present invention to allow the device to be installed in a location where 
operating space may be limited, such as in the bowels of a ship. It is also an 
object of the present invention to provide an apparatus that can be cleaned without 
draining the tank. 

1 5 Summary of the Invention 

The present invention provides for a microwave transceiver sensor 
head that is attached to a waveguide sensor rod which extends longitudinally 
through a gauge tube. The tube and the rod both extend from the top to the 
bottom of the fluid tank. They are also comprised of sections, which allows them 
20 to be assembled or disassembled in a close quarters environment, such as a lower 
deck of a ship with minimal headroom. Additionally, the tube has a plurality of 
circumferentially and longitudinally spaced slots allowing for the equalization of 
multiple fluids within the tube. The rod is generally radially centered inside and 
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outside the tube by the use of a plurality of spacers, which are attached to notches 
in the rod. Sections of the tube and the rod can also be curved, facilitating the 
placement of the measuring device in a tank with a curved bottom, such as a fuel 
tank defined by a slanted or curved hull of a ship. Finally, since the rod is installed 
5 in sections, it can be removed in sections and cleaned, without draining the tank. 
Likewise, once the rod is removed from the tube, a cleaner or brush can be used 
to remove any debris from within the tube, and ensure that the slots in the tube 
remain open to promote the equalization of fluid. 

The above and other objects and advantages of the present 
1 0 invention shall be made apparent from the accompanying drawings and the brief 
descriptions thereof. 

Brief Description of the Drawing s 

The accompanying drawings, which are incorporated in and 
constitute a part of this specification, illustrate embodiments of the invention and, 
1 5 together with a general description of the invention given above and the detailed 
description of the embodiments given below, serve to explain the principles of the 
invention. 

FIG. 1 is a schematic cross-sectional view of the apparatus 
according to the principles of the present invention shown in use aboard a ship. 
20 FIG. 2 is an enlarged cross-section of the device shown in FIG. 1, 


FIG. 3 is a cross-sectional view taken of lines 3-3 of FIG. 2. 

FIG. 4 is an enlarged partial cross-sectional view of the device shown 

in FIG. 2. 

FIG. 5 is a cross-sectional view of a portion of an alternative 
embodiment of the device with a curved section. 

FIG. 6 is a schematic view of the device shown in FIG. 1, as it is 
being cleaned. 

Detailed Description of the Invention 

Referring to the figures and to FIG. 1 in particular, an apparatus 10 
for measuring the level of one or more fluids 12, 14 located in a container or tank 
16 is shown. Here, the tank 16 is located in a ship 18 but the apparatus 10 could 
equally be used to measure fluids in other tanks, i.e., tanks used with off-shore oil 
drilling operations, refinery stacks (also commonly referred to as displacer 
columns), or airplane fuel tanks. 

The measuring device 10 is configured to measure fluid levels from 
the top of the fuel tank 20 which as shown, is located below the deck 22 of the 
ship 18 and also to the very bottom 24 of the fuel tank 16. In a ship 18, this may 
necessitate passing the measuring device 10 through various bulkheads 26 or 
other decks 28 which form compartments 30 in the bottom of the ship 18. 
Accordingly, various sleeves 32 are used to assure that the aperture created in the 
bulkhead 26 or deck 28 does not adversely affect the structural integrity of the 
vessel 18. 
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As is more clearly shown in FIG. 2, the device 10 has a sensor head 
34 which is located above the deck 22 to allow for human 36 operation and 
interaction. A deck collar 38 is utilized to ensure that the fuel 14, fumes, and 
seawater 12 do not penetrate the deck 22. 
5 The sensor head 34 is attached to a sensor rod 40 which extends 

from the sensor head 34 to the bottom 24 of the fuel tank 16. The sensor rod 40 
which functions as a waveguide is located within a gauge tube 42 which also 
extends to the bottom 24 of the fuel tank 16. The sensor head 34 will typically 
house a microwave transceiver which utilizes low powertime domain reflectometry 

1 0 radar (LPTDRR) circuitry. Attached to the sensor head 34 is a head flange 44 
which is adapted to be attached to a corresponding container flange 46, which is 
typically attached to the container or tank 16 via the deck collar 38. 

In the illustrated embodiment, a tamper-proof brace or restraint 48 
is attached to the head flange 44 with a tamper-proof fastener 50. A typical 

1 5 tamper-proof fastener that will be utilized will be a screw or bolt with a raised head 
that requires a special socket to unscrew. The tamper-proof restraint 48 prevents 
the hexagonal section 52 of the sensor head 34 from being rotated until the 
restraint 48 is removed. This prevents tampering with the device 10 and also 
prevents the inadvertent or unauthorized access to the tank 16 by removing the 

20 sensor head 34. 

As is more clearly shown in FIG. 4, a lower portion 54 of the sensor 
head is threaded which allows it to be screwed and secured by a corresponding 
threaded section 56 of the head flange 44. In addition, the head flange 44 is 
attached to the container flange 46 with a plurality of bolts 58 or other like 
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fasteners. A seal or gasket (not shown) may be sandwiched between the head 
flange 44 and the container flange 46, 

The gauge tube 42 is comprised of a plurality of gauge tube sections 
60, 62. 64, 66. While the total length of the tube is determined by the size or 
5 depth of the tank, normally the head tube section 60 and the intermediate tube 
sections 62, 64 will be of generally equal length. Generally, the length of these 
sections will be determined, in part, on the amount of head space available on the 
deck above the fuel tank. In other words, the tube sections will generally be sized 
to allow for their movement through the passages of a ship 1 8 and insertion into 

1 0 the fuel tank 1 6. The end tube section 66 is typically sized to allow the gauge tube 
42 to extend to the bottom 24 of the tank 16. 

The plurality of gauge tube sections 60, 62, 64, 66 have a coupling 
flange 67 at each end of the tube sections which connect together with the plurality 
of fasteners 68. The head section of the gauge tube 60 is also connected with a 

1 5 plurality of fasteners 68 to the head flange 44. Additionally, each gauge tube 
section has a slot 70 which generally runs the longitudinal length of the tube 
section. The slots 70 may be circumferentially positioned at different locations 
around the gauge tube 42, to ensure the equalization of fluid within the tube 42. 
Hence, even with stratified liquids, the fluid levels within the gauge tube 42 will be 

20 representative of the fluid levels in the tank 16 at large. The slots 70 are also 
generally of a width to not only allow for the transfer and equalization of fluids, but 
also of a sufficient width, for example, approximately 5 mm (3/16 inch), to resist 
becoming prematurely clogged or otherwise inhibited by seaborne crustaceans or 
the like. Preferably the gauge tube sections will be made out of 70/30 copper 

25 nickel metal. 
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Located within the gauge tube 42 is the waveguide sensor rod 40. 
Like the tube 42, the waveguide rod 40 is comprised of a plurality of rod sections 
72, 74, 76, 78. The upper or head rod section 72 is connected to the sensor head 
34 via a threaded connection 80. The other rod sections are likewise adapted to 
5 be screwed together with a thread section 80. Typically, each rod section will not 
have a length greater than 1 22 cm (48 inches). While the outer surface 81 of the 
rod 40 is generally circular, the outer surface 82 of the rod 40 generally adjacent 
to the thread section 80 is flat, or hexagonal, thus facilitating the use of a tool such 
as a wrench (not shown) to screw the rod sections together. In addition, the rod 

1 0 40 has a plurality of radial notches 84 spaced longitudinally along the rod 40. The 
notches 84 are adapted to receive and hold spacers 86. The notches 84 prevent 
the spacers 86 from longitudinally moving along the rod 40, such as could occur 
during insulation or cleaning of the rod 40. The spacers 86, as shown in FIG. 3. 
generally disposed radially to the center of the rod 40 within the tube 42. As 

1 5 shown, the spacers 86 have a plurality of radial extensions 88 which have a width 
90 that is generally greater than the width of the slot 70. This allows the rod 
sections to be inserted into the tube 42, or removed from the tube 42, without the 
spacers 86 snagging or otherwise getting caught in the longitudinal slots 70. 
Generally, the spacers will be made out of plastic and the rod will be made out of 

20 70/30 copper nickel metal. 

As shown in FIG. 5, the present invention can also contain a rod and 
tube sections 92, 94 respectively that are curved. The elbow rod section 92 and 
any rod sections below It may be comprised of a flexible or bendable material or 
construction to allow for the removal of the rod 40 without disassembling the tube 

25 42. Curved sections of the rod or tubes are attached to one another respectively 
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in the same manner as the straight sections. The curved section allows the device 
10 to negotiate various obstructions within a tank 16, as well as allow for the 
device 10 to extend to the very bottom 24 of the tank 16. In a shipboard 
installation, there is often not a straight or direct path from the location where the 
5 sensor head 34 is desired to be placed to the bottom 24 of the fuel tank 16. 
Hence, the use of a curved tube and waveguide rod provides the necessary 
flexibility to overcome such installation constraints. 

As conceptually illustrated in FIG. 6, one of the advantages of the 
measuring device 10 is that it may be cleaned without requiring the tank 16 to be 

1 0 drained. When the device 10 is to be cleaned, one removes the tamper restraint 
48, unscrews the sensor head 34 from the head flange 44, and removes the first 
or head rod section 72. As the waveguide rod sections are removed from the tube 
42 and the tank 1 6, they are disconnected from each other and any debris 96 that 
has accumulated on the rod 40 is removed. In alternative embodiments, a built-in 

1 5 brush 96 could be used to clean the rod 40 as it is removed from the tank 16. In 
addition, after all the rod sections are removed from the tube 42, a cleaner, brush, 
or scraper may be inserted into the tube itself to clean it. Alternatively, a brush or 
scraper 99 could be attached to the bottom end 98 of the end rod section 78 so 
that the tube 42 is cleaned as the rod 40 is removed. Here, in addition to the 

20 bristles on a brush 99 cleaning the inside surface 100 of the tube 42, the plurality 
of slots 70 would also be brushed open to ensure the unimpeded flow of fluid from 
the tank 16 to the interior or inside section of the tube 42. 

While the present invention has been illustrated by description of 
various embodiments and while these embodiments have been described in 

25 considerable detail, it is not the intention of the applicant to restrict or in any way 


limit the scope of the claims to such detail. Additional advantages and 
modifications will readily appear to those skilled in the art. The invention in its 
broader aspect is, therefore, not limited to the specific details, representative 
system, apparatus, and method, and illustrative example shown and described. 
Accordingly, departures may be made from such details without departing from the 
spirit or scope of the applicant's general inventive concept. 
What is claimed is: 


